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A method of preparing cross-linked enzyme aggregates 

The present invention relates to a method of pre- 
paring cross-linked enzyme aggregates comprising the steps of 
a) precipitating a dissolved enzyme present in a liquid me- 
dium; 

5 b) cross-linking with a cross-linker, and 

c) optionally, washing the cross-linked enzyme aggregate 

Such a method is generally known in the art. It is 
used to prepare enzyme preparations for performing various 
enzyme-catalysed reactions. For example, Cao L. et al. (Or- 
10 ganic Letters vol. 2 (10) p. 1361-1364, 2000) describe the 

preparation of penicilin acylase-based aggregates. The cross- 
linked aggregates disclosed are less active than the native 
enzyme. 

The object of the present invention is to provide a 

15 method making it possible to achieve aggregates with in- 
creased enzymatic activity. 

To this end, the invention is characterized in that 
at least one treatment is performed chosen from the group 
consisting of I) performing step a) in the presence of a com- 

20 pound selected from the group consisting of i) a crown ether, 
and ii) a surfactant, and II) performing step c) with a sec- 
ond liquid differing in organic composition from the liquid. 

Applicants have surprisingly found that such a 
treatment may result in an cross-linked enzyme aggregate 

25 (CLEA) with an enhanced activity. While the present invention 
does neither guarantee this enhanced activity for a particu- 
lar enzyme used to catalyse a particular reaction, nor allows 
for a prediction of an enhanced activity, it does provide for 
an extra parameter to be controlled to achieve a better ag- 

30 gregate. That is, for a particular enzyme, it may be investi- 
gated with little effort and using simple and routine experi- 
mentation whether its catalytic activity can be enhanced us- 
ing the treatment. From a range of enzymes capable of cata- 
lyzing the desired reaction, the best CLEA can easily and 

35 with little effort be selected. Because the CLEA is insolu- 
ble, it can be washed with a second liquid which is com- 
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pletely aqueous^ organic, or a mixture of the two. After the 
treatment, the CLEA may be lyophilized or stored as a suspen- 
sion for future use. 

Overbeeke P.L.A. et al. Describe in J. of Mol. Cat. 
5 B: Enzymatic 10, p. 385-393 (2000) a method in which a lipase 
is crystallized under the influence of PEG in the presence of 
2-methyl-2, 4-pentanediol, and crystals formed are cross- 
linked. In contrast/ the present invention makes use of a 
precipitating agent to form aggregates instead of crystals. 
10 Preferably, step a) and step b) are performed si- 

multaneously . 

This allows for a simplified procedure, requiring 
less time and effort. 

According to a preferred embodiment, the compound 
15 is removed after cross-linking. 

It is not necessary that the surfactant and or 
crown ether are present during the catalytic reaction to be 
performed by the CLEA to maintain the high activity. Thus the 
compound may be removed, in case it may interfere with the 
20 reaction to be catalysed, or for other reasons. Removal may 
be achieved using any method known in the art, and in par- 
ticular through dialysis or washing using centrifugation. 

According to an important application of the method 
according to the invention, the enzyme is a lipase. 
25 Hence, the invention also relates to a method for 

performing a lipase-catalysed reaction, said reaction being 
chosen from the group consisting of i) transesterif ication; 
ii) interesterif ication; iii) hydrolysis; iv) esterif ication; 
v) ammoniolysis; vi) aminolysis; and vii) perhydrolysis, 
30 which method is characterized, in that a cross-linked lipase- 
aggregate is prepared according to the invention, and said 
cross-linked lipase-aggregate is contacted with a substrate. 

The present invention will now be illustrated with 
reference to the following examples. 

35 

EXAMPLE 1 . 

Preparation of cross-linked lipases 

- R. miehei lipase Lipozyme (Novo Nordisk) 
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- Candida antarctica lipase B SP525 (Novo Nordisk) 

- P. alcaligenes lipase (Gist-brocades) . 
METHOD la) In the presence of (NH4) 2SO4 (Water) 

0.5 ml stock enzyme solution (Lipozyme or SP525, Novo Nor- 
5 disk, Copenhagen, Denmark) or 50 mg PaL enzyme powder (PaL is 
P. alcaligenes lipase (Gist-Brocades, Delft,, the Nether- 
lands) ) , are dissolved in 1 ml potassixom phosphate buffer 
{100 mM, pH 7) in a 10 ml centrifuge tube. 550 mg (NH4)2S04 
was added followed by 1 ml of a precipitating solution A con- 

10 sisting of 550 mg (NH4)2S04 (the precipitant) in potassium 
phosphate buffer (100 mM, pH 7), and 80 ]xl glutardialdehyde 
(25% solution in water) are added^ The mixture is left stir- 
ring at 4**C (room ten¥>erature for SP525) for 17 hours. 
3 ml H2O is added to the mixture and then centrifuged. The su- 

15 pernatant is decanted and the residue is washed^ centrifuged 
and decanted 3 more times with H2O (5 ml each time) . The final 
enzyme preparation is kept in 5 ml H2O. If necessary the solid 
is dispersed by stirring with magnets. 

METHOD lb and Ic) In the presence of (NH4) 2SO4 and surfactant 
20 The method la) was repeated, with the difference that the 

precipitating solution A contained in addition 25 mg sodium 
dodecylsulphate (SDS) (method lb) or 25 mg Triton X-100 (TR) 
(method Ic) . 

METHOD Id) In the presence of dimethoxyethane (DME) 
25 0.5 ml stock enzyme solution (Lipozyme or SP525) or 50 mg PaL 
enzyme powder^ are introduced in a 10 ml centrifuge tube, af- 
ter which 1 ml potassium phosphate buffer (100 mM, pH 7), 3 
ml DME and 80 yil glutardialdehyde are added. The mixture is 
left stirring at. 4^*0 (room temperature for SP525) for 17 
30 hours. 

1 ml DME is added to the mixture and then centrifuged. The 
supernatant is decantated and the residue is washed, centri- 
fuged and decanted 3 more times with DME (5 ml each time) . 
The final enzyme preparation is kept in 5 ml DME. If neces- 
35 sary the solid is dispersed by stirring with magnets. 
METHOD le) In the presence of DME and a Crownether 
Method Id) was repeated, except that an amount of 6.9 mg the 
crownether dibenzo-18-crown-6 was added too together with the 
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3 ml DME. 

Cross-linked lipase preparations were kept in suspension, ei- 
ther in water or DME, named preparations la-e. 

5 EXAMPLE 2 

Activity tests 

The activity of CLEA's prepared according to the preparations 
la-e) were tested with three reactions. These reactions were 
performed either in an aqueous solution, or in an organic so- 
10 lution. 

For tests lib and lie, the following general procedure was 
followed, before performing the assay: 

- Of aqueous suspensions / 0.5 ml samples of CLEA suspension 
were lyophilized in 2 ml Eppendorf cup each. 

15 - Of organic suspensions, 0.5 ml samples of CLEA suspension 
were centrifuged in a 2 ml Eppendorf cup each, and the super- 
natant was decanted, 

- Native enzyme, used as a control, was used directly from 
the stock solution (50 pi) , or as powder (5 mg) , without fur- 

20 ther treatment. 

For text lib and lie, analyses were performed using a GC Var- 
ian Star 3600 gas chromatograph (Varian) . Column: CP WAX 52 
CB 50 m X 0.53 mm. Carrier gas: nitrogen. 

Test Ila) Hydrolysis of p-nitrophenyl propionate (performed 
25 in water) 

The enzyme preparation (50 ]xl) was suspended in 0.5 ml water 
(1.5 ml in case of SP525) and 200 pi (50 pi in case of SP525) 
of the suspension was added to 2-5 ml ester solution (0.4 mM 
p~nitrophenyl propionate in water at 25 *C) . Measurement of 

30 the increase of absorbance at 348 nm (appearance of p- 

nitropheno.l) in the hydrolysis of p-nitrophenyl propionate 
was monitored using a Gary 3~Bio UV spectrophotometer from 
Varian • Values are given as percentage of the activity of the 
native enzyme. 

35 The result is summarized in table 1 
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Table 1 



Hydrolysis of p-nitrophenyl propionate in water 



Enz 


Xa 


lb 


Ic 


Zd 


le 


Na-blve 


Ii±poz;^e 


152 


218 


44 


0 


0 


100 


SP525 


93 


40 


129 


151 


177 


100 



5 % of activity of native enzyme 

Test lib) TransBsterification of ethyl octanoate with octanol 
(performed in diisopropylether) 

10 0.5 ml diisopropyl ether is added to the Eppendorf cup con- 
taining the enzyme. 50 mg activated zeolite NaA (Aldrich) is 
added. 0.5 ml solution of 86 mM ethyl octanoate, 400 mM octa- 
nol, and 50 mM decane in diisopropyl ether is added and left 
stirring at room temperature. At the specified time, the re- 

15 action mixture is centrifuged, an aliquot (100 lal) withdrawn, 
dissolved in 0.5 ml DME, and analyzed by GC. 
The result is summarized in table 2 

Table 2 

20 

Transesterif ication of ethyl octanoate with octanol in i-Pr20 



Enz 


Za 


Xd 


Xc 


Xd 


Xe 


Na-k±ve 


Lxpozyme 


0.16 


3.48 


0.33 


23.79 


18.89 


0.16 


Pal 


0.15 


7.11 


24.18 


0.11 


0.27 


17.55 



Activity expressed as |imol of octyl octanoate produced in 24 
h- . 



25 

Test lie) Hydrolysis of ethyl octanoate (performed in 
DME/water mixture) 

50 pi H2O and 0.95 ml solution of 43 mM ethyl octanoate, and 
25 mM decane is added to Eppendorf cup containing the enzyme 
3 0 and left stirring at room temperature. At the specified time, 
anhydrous Na2S04 is added to the reaction mixture, shaken, and 
centrifuged. An aliquot (100 is then withdrawn, dissolved 
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in 0.5 ml DME, and analyzed by GC. 
The result is siammarized in table 3 



Table 3 

5 

Hydrolysis of ethyl octanoate in DME/water 



Bnz 


Za 


Zb 


Zo 


Zd 


Ze 


Native 


Lipo- 
24h 


24.34 


40.48 


25.37 


22.85 


22.73 


16.34 


Pal. 
3h 


35.82 


32.02 


40.26 


0.49 


0.37 


3.34 



Activity expressed as lamol of octanoic acid produced in 24 or 



3 h. 

10 

As shown by the above results, adding a surfactant 
or a crown ether in accordance with the present invention, 
may have a beneficial effect on the enzymatic activity. 

15 EXAMPLE 3 

Washing test 

Methode la was repeated using SP525. The supernatant is de- 
canted and the pellet resuspended in 5 ml water, centrifuged 
and the supernatant is decanted. 

20 The pellet obtained is subjected to the same washing proce- 
dure with 3 * 5 ml water or DME. After the last washing step, 
the CLEA is kept in 5 ml of the same solvent. 
The two CLEAs were tested using the transesterif ication of 
ethyl octanoate with octanol (as described in test lie). 

25 0.5 ml DME is added to 50 ]il enzyme preparation in a 2 ml Ep- 
pendorf . The enzyme washed with water only was previously ly- 
ophilized in the Eppendorf cup. 50 mg activated zeolite NaA 
is added. 0.5 ml solution of 86 mM ethyl octanoate, 400 mM 
octanol, and 50 mM decane in DME is added and left stirring 

30 at room temperature. After 1 hour, the reaction mixture is 
centrifuged, an aliquot (100 pi) withdrawn, dissolved in 0.5 
ml DME, and analyzed by GC. 
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Table 4 



Transesterif ication of ethyl octanoate with octanol (in DME) 



Processing solvent 


Activity 


Water 


5.41 


DME 


14.03 



Activity expressed as yuaol of octyl octanoate produced in 1 
h. 

10 EXAMPLE 4 

Lipase CLEAs were prepared according the procedure 
described in example 1 and were tested in the hydrolysis of 
methyl mandelate. The enzyme was added to a 50 mM solution of 
methyl mandelate in dimethoxyethane-potassixam phosphate 
15 buffer pH 7 (95: 5, v/v) . After 48 hours the conversion and 

enantiomeric excess of the substrate (ees) were analyzed using 
HPLC (see Table 5) . 



Table 5 



20 



Precipitant 


Additive 


Conv . ( % ) 


ees 


E 


Dimethoxyethane 




31.0 


0.31 (R) 


7 


Dimethoxyethane 


CR 


33.5 


0.33 (J?) 


7 


Acetone 




26.7 


0.26 (R) 


8 


(NH4)2S04 


SDS 


27.9 


0.27 (R) 


8 


(NH4) 2SO4 


TR 


23.2' 


0.24 (R) 


10 


Free enzyme 




33.9 


0.33 (J?) 


6 



25 



Crownether dibenzo-18-crown-6 
Sodium dodecylsulfate 
Triton X-100 
. enantiomeric excess of the substrate 
Enantiomeric ratio. 
From table 5 it can be seen that the Enantiomeric ratio can 
be increased using the method according to the present inven- 
tion. 



CR : 
SDS: 
TR : 
ees: 
E : 
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CLAIMS 

1. Method of preparing cross-linked enzyme aggre- 
gates comprising the steps of 

a) precipitating a dissolved enzyme present in a liquid me- 
5 dium; 

b) cross-linking with a cross-linker^ and 

c) optionally, washing the cross-linked enzyme aggregate, 
characterizedf in that at least one treatment is performed 
chosen from the group consisting of I) performing step a) in 

10 the presence of a compound selected from the group consisting 
of i) a crown ether, and ii) a surfactant, and II) performing 
step c) with a second liquid differing in organic composition 
from the liquid. 

2. Method according to claim 1, characberlzed, in 
15 that step a) and step b) are performed simultaneously. 

3. Method according to claim 1 or 2, char acberx zed, 
in that the compound is removed after cross-linking. 

4. Method according to any of the preceding claims, 
characterxzed, in that the enzyme is a lipase. 

20 5. Method for performing a lipase-catalysed reac- 

tion, said reaction being chosen from the group consisting of 
i) transesterif ication; ii) hydrolysis; and iii) ammonioly- 
sis, characterxzed, in that a cross-linked lipase-aggregate 
is prepared according to claim 4, and said cross-linked li- 

25 pase-aggregate is contacted with a substrate. 
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